Rat Liver Slice Incubation. Adult male Sprague-Dawley rats weighing approximately 300 g were killed and bled by decapitation. The livers were removed rapidly and chilled on ice. Liver slices were prepared with a Stadie-Riggs hand microtome. Incubations were performed using 1.0 g of liver slices in 10 ml of Krebs-Ringer bicarbonate buffer with glucose (5.5 mM) containing 1 uCi of [14C]FA. In certain experiments MTX (1 uMM) was included and in some experiments unlabeled carrier FA (0.1 mM) was present. The flasks containing tissue slices and incubation mix were incubated at 370 with shaking for 4-6 hr under an atmosphere of 5% C02-95% 02. A typical incubation of liver slices gave approximately 4 nmole of 10-formylfolic acid/hr per g of tissue (wet weight).
10-Formylpteroic acid (rhizopterin), a naturally occurring compound, was first isolated from cultures of Rhizopus nigricans (1, 2) . Its structure was confirmed by chemical synthesis, degradation product analysis, and the preparation of model compounds (2, 3) . Rhizopterin will support the growth of Streptococcus faecalis but not Lactobacillus casei or Pediococcus cerevisiae (4) . One of the model compounds synthesized was 10-formylfolic acid (10-formyl FA) formed by treatment of folic acid (FA) with concentrated formic acid (5). 10-formyl FA subsequently isolated from horse liver (6) was found to be active as a growth factor for S. faecalis and L. casei but not for P. cerevisiae (4) . This substance has some unusual properties for a folate compound, such as its fluorescence characteristics and its ultraviolet spectrum at neutral pH. In addition, an unexpected property of 10-formyl FA is its potent inhibition of a key enzyme in folate metabolism, dihydrofolate reductase (5.6,7,8- (12) . Materials were checked periodically for purity by Sephadex G-15 and DEAE Sephadex A-25 column chromatography (13) .
Rat Liver Slice Incubation. Adult male Sprague-Dawley rats weighing approximately 300 g were killed and bled by decapitation. The livers were removed rapidly and chilled on ice. Liver slices were prepared with a Stadie-Riggs hand microtome. Incubations were performed using 1.0 g of liver slices in 10 ml of Krebs-Ringer bicarbonate buffer with glucose (5.5 mM) containing 1 (16) . A 0.9 X 30-cm column was used and 2.7-ml fractions were collected at 40 in darkness.
Enzyme Assays. Carboxypeptidase G, was obtained from Pseudomonas stutzeri and assayed as previously described (17) . The material was homogeneous on polyacrylamide gel electrophoresis, and had a specific activity of 700 units/mg of protein.
Pure dihydrofolate reductase was prepared from rat liver by affinity chromatography on MTX-Sepharose (18) . The specific activity of the material utilized was 50 units/mg of protein as determined by the method of Perkins et al. (19) .
Ultraviolet and Fluorescent Spectra. Identification of folates and localization of chromatographic markers of CPG1 assays were monitored on a Cary model 15 spectrophotometer. Dihydrofolate reductase assays were carried out on a Gilford 2000 spectrophotometer and fluorescence spectra were determined with an Aminco-Bowman spectrophotofluorometer.
RESULTS
Column Chromatography. When rat liver slices incubated with [14C]FA were extracted into ascorbate and the extract filtered through Sephadex G-15 the major portion of radioactivity eluted early, in fractions 24 to 42 (Fig. 1) . This portion eluted well before any of the folate monoglutamate forms tested (MTX, FA, dihydrofolic acid, tetrahydrofolic acid, 5-methyltetrahydrofolic acid, and 5-formyltetrahydrofolic acid) and was initially considered to be a folate polyglutamate, probably a di-or triglutamyl form.
In order to determine if the separated substances obtained were oxidized or reduced folates, the liver slices were incubated with [14C]FA in the presence of MTX, a potent inhibitor of the enzymic reduction of FA or dihydrofolic acid (20, 21) . When the liver extract was filtered through Sephadex G-15 more than half of the radioactivity was again recovered in fractions 25 to 37 (Fig. 2) Since folate compounds formylated in the 10-position are known to have less affinity than other folate forms for anion exchangers like DEAE-cellulose (13) , and since the folate in question was presumably not a reduced form, there was a strong possibility that this compound was 10-formyl FA. Accordingly, authentic unlabeled 10-formyl FA was added to the liver slice extract as a marker and was found to cochromatograph both on Sephadex G-15 and on DEAE Sephadex A-25 ( Fig. 3) with the radioactive compound from the liver slice extract. To confirm that the radioactive folate formed in liver slices was 10-formyl FA, the following experiments were performed.
Purification of the Radioactive Folate From Liver Slices was accomplished by incubating 100 g of rat liver slices with ['4C]FA (10, uCi) and unlabeled FA (0.1 mM) in the presence of MTX for 6 hr. The liver slices were washed, boiled in ascorbate, homogenized, and centrifuged as described in Materials and Methods. The supernatant solution was purified in batches by filtration through Sephadex G-15 followed by chromatography on DEAE Sephadex A-25. The appropriate fractions were pooled, lyophilized, reconstituted in 0.1 M K2HPO4-KH2PO4 buffer (pH 7.0), and used for spectral determinations.
Ultraviolet and Fluorescence Spectra. Difference spectra were taken because of the presence in the liver slice extract of an impurity that absorbed maximally at 260 nm and interfered with the ultraviolet absorbance spectra. Comparison of the difference spectra of authentic lO-formyl FA and the radioactive folate formed in liver slices (Fig. 4) shows an almost identical spectral change occurring in both samples with the addition of NaOH to pH 13 (11), and with subsequent addition of HCl is converted to 5,10-methenyltetrahydrofolic acid (12) .
The characteristic spectral changes accompanying these reactions were observed upon treatment of the radioactive folate from liver slices, strongly suggesting that the unknown compound contained a formyl group in the 10-position.
Substrate Activity with Carboxypeptidase G1. Carboxypeptidase G1, with hydrolytic activity only for peptides containProc. Nat. A cad. Sci. USA 71 (1974) Biochemistry: d'Urso-Scott et al. ing a C-terminal glutamate or aspartate, was utilized to help establish the nature of the compound isolated. 10-Formyl FA is rapidly hydrolyzed by the carboxypeptidase to 10-formyl pteroate, causing a decrease in ultraviolet absorbance around 270 nm. An essentially identical change occurred in the difference spectra when carboxypeptidase G1 was added to the sample cuvette containing the purified liver extract (Fig. 5) , thus confirming that the unknown compound contained a terminal glutamate. Inhibition of Dihydrofolate Reductase. When a series of folate analogs was tested for inhibitory activity for a partially pure dihydrofolate reductase preparation from the Ehrlich ascites carcinoma, it was observed that lO-formyl FA was a potent inhibitor of this enzyme (7). This finding was confirmed using rat liver dihydrofolate reductase and a 50% inhibitory concentration, I5o, of 80 nM was obtained. When extracts containing the presumed 10-formyl FA purified as described above were tested, inhibition of rat liver dihydrofolate reductase was also obtained (Fig. 6 ). The concentration of material calculated from the enzyme inhibition data (13. 
